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© Sulfonamide compounds. 



© A sulfonamide compound represented by the following formula 
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wherein R 1 , R 2 and R 3 are identical or different, and each represents a hydrogen atom, a halogen atom, a 
lower alkyl group or a lower alkoxy group; R* represents a hydrogen atom, a lower alkyl group, or a 
substituted or unsubstituted aralkyl group; R 5 represents a substituted or unsubstituted aryi group or a 
substituted or unsubstituted aralkyl group; R 6 and R 7 are identical or different and each represents a 
hydrogen atom, a lower alkyl group or a lower alkoxy group; and n is an integer of 1 to 8, 
and an acid addition salt thereof. The compounds of formula (I) provided by this invention have some useful 
biological activities such as the spasmolytic activity on the vascular smooth muscles and anti-platelet 
aggregatory activity and are useful as drugs for treating cardiovascular disorders such as angina pectoris, 
cerebral circulation disorder and thrombosis. 
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This invention relates to novel sulfonamide compounds, and more specifically, to a sulfonamide 
compound represented by the following formula 

R 1 R* 
^^-S0 2 -N- (CH 2 ) n -N^-R 5 (I ) 



wherein R 1 , R 2 and R 3 are identical or different, and each represents a hydrogen atom, a halogen atom, a 
lower alkyl group or a lower alkoxy group; R* represents a hydrogen atom, a lower aikyl group, or a 
75 substituted or unsubstituted aralkyl group; R s represents a substituted or unsubstituted aryl group or a 
substituted or unsubstituted aralkyl group; R 6 and R 7 are identical or different and each represents a 
hydrogen atom, a lower alkyl group or a lower alkoxy group; and n is an integer of 1 to 8, 
or an acid addition salt thereof, and to a process for production thereof. 

omega-(Arylsulfonamide)alkylamines of the following formula 
R'-S0 2 NH(CH 2 ) m R (A) 

wherein R represents an amino group or an acetylamino group, R' represents a phenyl or naphthyl group 
which may be substituted by a halogen atom or a lower alkyl group, and m is an integer of 6 to 8, 
have platelet aggregation inhibiting activity and are known to be useful for the prevention and treatment of 
thrombosis in a cerebrocardiovascular system (Japanese Patent Publication No. 9495/1985). 
2S The compounds of formula (I) provided by this invention have some useful biological activities such as 
the spasmolytic activity on the vascular smooth muscles and anti-platelet aggregatory activity and are 
useful as drugs for treating cardiovascular disorders such as angina pectoris, cerebral circulation disorder 
and thrombosis. 

In the present specification, the term "lower" used to qualify a group or compound, means that the 
30 group or compound so qualified has not more than 6, preferably not more than 4, carbon atoms. 

The "lower alkyl group" in the present specification may be linear or branched, and includes, for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isoamyl and hexyl 
groups. The "lower alkoxy group" is a lower alkyl-oxy group in which the lower aikyl moiety has the above 
meaning, and includes, for example, methoxy, ethoxy, propoxy, isopropoxy. butoxy, sec-butoxy. tert-butoxy 
35 and hexyloxy groups. The "halogen atom" includes fluorine, chlorine, bromine and iodine atoms. 

The "aryl group" is an aromatic group which contains 5 to 20 carbon atoms and may be monocyclic or 
poiycyclic and contain a heteroatom such as a nitrogen atom in the ring. Examples include phenyl, alpha- 
. naphthyl. beta-naphthyl and pyridyl groups. The "aralkyl group" is an aryl-lower alkyl group in which the 
lower alkyl and aryl have the above meanings. Examples are benzyl, phenethyl, diphenylmethyl, triphenyl- 
^ methyl, alpha-naphthylmethyl. beta-naphthylmethyl, alpha-naphthylethyl, beta-naphthylethyi groups. 

The aryl and aralkyl groups may be substituted, and Examples of substituents include lower alkyl 
groups, lower alkoxy groups and halogen atoms. The aryl group or aralkyl group may be substituted by 1 to 
3 such substituents. 

In a preferred group of compounds of formula (I), 
45 R1> R2 and R3 are identical or different and each may represent a hydrogen atom, a fluorine atom, a 
chlorine atom or a Ci - C 4 alkyl group (preferably, a methyl group), 

R* may represent a hydrogen atom, a Ci-C* alkyl group (preferably a methyl group) or a benzyl group, 

R 5 may represent a benzyl, diphenylmethyl, triphenylmethyl or pyridyl group which may be substituted by 

1 to 3 Ci -C* alkoxy (preferably methoxy) groups, 
50 R s and R 7 are identical or different and each may represent a hydrogen atom or a Ci-C* alkyl group 

(preferably methyl group), and 

n may be an integer of 2 to 6. 

in a more preferred group of compounds of formula (I), 

R\ R 2 and R 3 may simultaneously represent a hydrogen atom, or one of these groups may be a fluorine or 
55 chlorine atom and the remainder, hydrogen atoms, 

R* may represent a hydrogen atom or a benzyl group, 

R 5 may represent a benzyl or diphenylmethyl group, 

R s and R 7 may simultaneously be hydrogen atoms, and 
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n may be an integer of 2 to 6. 

Specific examples of the compounds of formula (I) are given below in addition to those given in the 
working examples hereinafter. 

1 -a-Naphthyl-2,6-diethyl^[r*eth^ 
5 i-(3,4,5-trimethoxyphenyl)-4-[8-^ 
1 -p-chlorophenethyl-3,6-dimethox^ 



1 -(4-pyridylmethyl)-4-[7-N-isobutyi-N-^ 
1 -(a-naphthy l)-4-[2-N-(p^hlorop 
10 l-diphenylethyi-^tS-N-^AS^rimethoxybenz 
piperazine, 

1-dibromobenzyl-3,6<li-n-propyl-4-^ and 

1-(4-chloro-2,6<iimethoxyphenyiy2-e^^ 

ethylpiperazine. 

is The compounds of formula (I) may exist as acid addition salts. Examples of the acid addition salts are 
salts with inorganic acids such as sulfuric acid, hydrochloric acid, nitric acid, phosphoric acid and 
hydrobromic acid and saJts with organic acids such as acetic acid, lactic acid, succinic acid, tartaric acid, 
malic acid, citric acid, methanesulfonic acid, benzenesulfonic acid and toluenesulfonic acid. Pharmaceuti- 
cal ly acceptable acid addition salts are particularly preferred. 

20 The compounds of formula (I) can be produced, for example, by the method shown in the reaction 
scheme A below. 



piperazine, 



Reaction Scheme A 
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(1-1) 



1S 



20 



.41, 



,41 



R—Y ( IV) \<^\ I ) V 

R 2^> S °2- N -< CH 2>n- N Vl 
D 3 
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In the above formulae, 
R 41 represents the groups defined for R 4 excepting a hydrogen atom; 
X represents a halogen atom; 
Y represents a halogen atom, 

a lower alkylsulfonyloxy group, a substituted or unsubstituted arylsuifonyloxy group, or a nitroxy group; and 
R\ R 2 , R 3 , R 5 , R 6 and R 7 are as defined above. 

In the method shown in the reaction scheme A, a compound of formula (I) in which R 4 is a hydrogen 
atom, i.e. a compound of formula (1-1), can be obtained by reacting an arylsuifonyl halide of formula (II) with 
a piperazine compound of formula (III). This reaction can be carried out usually in a suitable solvent, 
preferably in the presence of a base, at a temperature of about -10 * C to the refluxing temperature of the 
reaction mixture, preferably about 0 to about 30° C. Examples of the solvent that can be used in this 
reaction include halogenated hydrocarbons such as methylene chloride, chloroform and carbon tetrachlo- 
ride, hydrocarbons such as benzene, toluene and cyclohexane, ketones such as acetone and methyl ethyl 
ketone, ethers such as methyl ethyl ether, diethyl ether, dioxane and tetrahydrofuran, acetonitrile, dimethyl- 
formamide and dimethyl sulfoxide. Examples of the base that may be used as required include inorganic 
bases such as sodium hydride, potassium hydride, sodium hydroxide, potassium hydroxide, sodium 
carbonate, and potassium carbonate, and organic bases such as triethylamine, dimethylaminopyridine and 
pyrrolidinopyridine. 

The proportion of the compound of formula (III) used relative to the compound of formula (II) is not 
critical and may be varied over a wide range depending upon the reaction conditions, for example. 
Generally, the compound of formula (III) may be conveniently used in a proportion of 1 to 10 moles, 
preferably 1 to 2 moles, per mole of the compound of formula (II). 

As a result, the compound of formula (M) is obtained. By reacting this compound with an alkylating 
agent of formula (IV), a compound of formula (I) in which R 4 represents the groups defined above excepting 
hydrogen, i.e. a compound of formula (I-2), can be obtained. 

Usually, the reaction of the compound of formula (1-1) with the compound of formula (IV) may be carried 
out in the solvent exemplified above, preferably in the presence of the base exemplified above, at a 
temperature of about -10 to about 150° C, preferably about 0 to about 100° C. The amount of the compound 
of formula (V) relative to the compound of formula (1-1) is not critical. Generally, the compound of formula 
(IV) is suitably used in an amount of 1 to 10 moles, preferably 1 to 2 moles, per mole of the compound of 
formula (1-1) 

The compounds of formula (1-1) and formula (I-2) can be isolated from the reaction mixture and/or 
purified by conventional methods such as recrystallization, exraction and chromatography. 

As required, the compounds of formula (I) may be converted into acid addition salts by treaating them 
with the aforesid inorganic acids or organic acids. 

As stated above, the compounds of formula (I) provided by this invention have excellent biological 
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activities on a cardiovascular system, such as the spasmolytic activity on the vascular smooth muscles and 
anti-platelet aggregatory activity, and are expected to be useful drugs for preventing and treating diseases 
such as angina pectoris and cerebral circulation disorder. There is now a tendency that laser angioplasty 
will be put into practice in the near future for the treatment of arterial thrombosis. The most significant 
problem is the spasmodic contraction which occurs during the laser angioplasty. Therefore, the compounds 
(I) of this invention which have spasmolytic activity on blood vessels will effectively support the operation of 
ttirombosis. 

The spasmolytic activity on the vascular smooth muscles and anti-platelet aggregatory activity of the 
compounds of this invention can be demonstrated by the following in vitro and in vivo tests. 
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(A) Inhibitory activity on spasmodic contraction 

Ring segments 2 mm wide, were prepared from the coronary artery (left circumflex coronary artery or 
75 anterior descending artery having a diameter of about 2 to 3 mm isolated from male dogs). The ring 
segments were each suspended in a Magnus tube filled with 20 ml of the Krebs-Henseleit solution (27 # C, 
95% 02-5% CO2 were passed) at an initial tension of 2 g. The tension was measured by a U gaage. After 
standing for more than 30 minutes to stabilize the segments 25 or 50 mM KCI was added 2 to 3 times at 
intervals of 15 minutes to test the reactivity of the sample segments. 10 mM 3,4-diaminopyridine (a product 
20 of Nakarai Chemical Co., Ltd.) was added to those samples which showed a good contracting reaction to 
induce periodic contraction. When the periodic contraction became nearly constant, test com pounds were 
added cumulatively, and their activity was examined. 



25 (B) Inhibitory effect on ADP-induced platelet aggregation 

Rabbit PRP (250 ul was preincubated with drug samples (10 ul of aqueous solution or 1 ul of DMSO 
solution) at 37 'c for 1 minute, and ADP (2 uM)-induced platelet aggregation was measured by 
aggregometer (NKK HEM A TRACER1 Model PAT-4M). Inhibitory effects of the drugs were estimated from 
30 the standard curve of maximal aggregation. 

The results are summarized in the following table. 





Compound No. 


Spasmodic contraction 


Platelet aggregation inhibitory concentration 


35 


(Example No.) 


inhibitory concentration 


(mole/liter) Inhibition rate (%) in the parentheses 




(mole/liter) 






1 


lO^ 5 
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10-* 


10-* (40) 
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10-* 




40 
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10~ 6 


10- + (3) 
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10~ 6 






13 


10~ 6 





The following examples illustrate the present invention more specifically. 



EXAMPLE 1 



Production of 1 -diphenylmethyl-4-(3-benzenesulfony laminopropyQpiperazine 

85 mg of 1-diphenylmethyl-4-(3-aminopropyl)piperazine and 102.5 mg of triethylamine were added to 5 
ml of methylene chloride, and under ice cooing and stirring, 39.4 mg of benzenesulfonyl chloride was 
added. The mixture was further stirred at this temperature for 1 hour. Chloroform was added to the reaction 
mixture, and the mixture was washed with water and dried. The solvent was then evaporated to give 115 
mg of the captioned compound as a crude product. It was converted to a dihydrochloride in a customary 
manner, and recrystallization from ethanol/ether gave 92.7 mg of the captioned compound as a colorless 

5 
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powdery crystal having a melting point of 160 to 165 * C (decomo.). 

,R - v max • Cm 1 

3408, 1444, 1329. 1158, 1091 
1 H-NMR:5CDCI 3 
7.90-7.38 (15H, m f aromatic H) 
5.30 (1H, br.s, 



EXAMPLE 2 



Production of 1 -diphenylmethyl-4-[3-(N-benzy lbenzenesulfonylamino)propyl]piperazine 

The compound obtained in Example 1 (140 mg) was dissolved in 3 ml of dimethylformamide, and with 

,C 1°h 9 /l Stin1n9 ' 30 m9 ° f 40 % SOdium hydride was added " Then - 9 0-9 mg of benzyl bromide was 
added and the mixture was stirred at this temperature for 1 hour. An aqueous solution of ammonium 
chloride was added to the reaction mixture, and the mixture was extracted with ethyl acetate. The extract 
was washed with water, and the solvent was evaporated to give 237 mg of a crude product. When the crude 
product was punfred by preparative thin-layer chromatography [carrier: silica gel; solvent- 
chloroform/methanol (20:1)] 156 mg of the desired free base was obtained. This compound was converted 
into a dihydrochlonde in a customary manner. Recrystallization from ethanol/ether gave 123.7 mg of a pale 
yellow powdery crystal having a melting point of 120 to 125 * C. 

,R: "» max .Cm"' 
3414, 1454, 1331, 1155, 706 
1 H-NMR: 5 CDCI 3 
8.00 - 7.30 (20H. m, aromatic H) 
4.24 (2H, s, 

- c « 2 -€> > 

4.88 (1H, br.s. 



EXAMPLES 3-19 

The compounds of formula (I) tabulated below were produced in the same way as in Examples 1 and 2. 
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Claims 

1. A sulfonamide compound represented by the following formula 

R 4 R* 




VS0 2 -N- (CH 2 ) n -N~N-R 5 (I ) 



^ 7 



'5 R 



i J l ' T ldent, , Cal ° r d,ffer8nt and each re P res ^ts a hydrogen atom, a halogen atom, a 

■owe alkyl group or a lower alkoxy group; R* represents a hydrogen atom a lower alkyl group, or a 
subs ihrted or unsubstituted aralkyl group; R* represents a substituted or unsubstituted 2yl group o a 

Jn "T^?, ara ' kyl 9rOUp: RS ■* R7 « identical * different and eachVpresente a 
hydrogen atom, a lower alkyl group or a lower alkoxy group; and n is an integer of 1 to 8 
and an acid addition salt thereof. ' 

2. The compounds of claim 1 in which R\ R* and R3 are identical or different and each represents a 
hydrogen atom, a fluorine atom, a chlorine atom or an alkyl group having 1 to 4 carbon atoms 

. T 7 com P° u " d s of claim 1 in which R* represents a hydrogen atom, an alkyl group having 1 to 4 
carbon atoms, or a benzyl group, H a lu * 

4 The compounds of claim 1 in which R* represents a benzyl, diphenylmethyl, triphenylmethyl or 
pyndyl group wh.ch may be substituted by 1 to 3 alkoxy groups having 1 to 4 carbon atoms en ^ me ^ 

30 h J' The i COmp0unds of claim 1 in whj ch R s and R' are identical or different and each represents a 
hydrogen atom or an alkyl group having 1 to 4 carbon atoms. represents a 

6. The compounds of claim 1 in which n is an integer of 2 to 6 

7 The compounds of claim 1 in which R\ R* and R* are simultaneously hydrogen atoms or one of 
them ,s a f uonne or chlorine atom, and the remainder are hydrogen atoms; R* presents a nyd^gen atom 

- L^TariS; JaTK""" & " *** " * ? "° »* ~ atom * 

fnnvt mi ™7 me%M " (3 ' b T n ^^ 1-ben2yl-4-{3-N.ben2ylben2enesul- 
fonyiamnopro P yl) P ,pera 2 ine, l-diphenylmethyl-t-ta-t^fluorobenzenejsulfonylaminopropyljpiperazine 1- 

lXheny.methyM-(5- 

- and 1^ipheny.mehy|.4- ( 6-benzenesulfony«aminorhexy0- 
claim^whichTo^ * SU ' f ° na,nide ^P 0 "^ <* *>"™'a (I) or its acid addition salt described in 
haiide tlZ ZTrta 3 C ° mP0Und ° f f0rmU ' a 0) in WhiCh iS 3 hydr ° 9en at0m> reactin 9 30 arylsulfonyl 



45 



50 




(II) 



55 £^7Ztll hB,w atom ' *" R1 - R2 and R3 are as de,ined in c,aim 1 with a *p«— 
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5 



H 2 N-(CH 2 > n -N 




(III) 



wherein R 5 , R 6 and R 7 are as defined in claim 1, 

(b) to produce a compound of formula (I) in which R 4 represents the groups defined for R 4 excepting 
the hydrogen atom, reacting a compound of the following formula 



wherein R 1 , R 2 , R 3 , R 5 . R 6 , R 7 and n are as defined in claim 1, 
with an alkylating agent of the formula 
25 R 41 Y (IV) 

wherein R 41 represents the groups defined for R 4 excepting the hydrogen atom, and Y represents a 
halogen atom, a lower alkylsulfonyi group, a substituted or unsubstituted arylsulfonyl group or a nitroxy 
group, and 

(c) as required, converting the resulting compound of formula (I) into an acid addition salt. 
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